Effects of osmotic stress on rabbit corneal endothelium.
The effects of osmotic stress on corneal endothelium were investigated by exposing rabbit corneas to anisosmotic conditions, and then perfusing the corneas with isosmotic glutathione bicarbonate Ringer solution for 4 hr at 35 degrees C. During the perfusion, endothelial function was assessed by measuring corneal thickness with a specular microscope. After perfusion, the corneas were prepared for scanning and transmission electron microscopy. Endothelial ultrastructure and function were well maintained after exposure to a wide range of osmolality (0.12-2.7 osmol/kg), but this tolerance of osmotic stress was dependent both on the duration and the temperature of exposure to the anisosmotic conditions. Exposure to an osmolality of 2.7 osmol/kg for 15 min at 23 or 37 degrees C resulted in gross damage to the endothelium when the hyperosmotic agent was sodium chloride. This damage was not the result of increased osmolality per se nor cellular shrinkage because the endothelium tolerated exposure to a sucrose solution of the same osmolality for 15 min at 37 degrees C. The detrimental effect of sodium chloride, however, was mitigated by reducing the temperature of exposure to 0 degrees C or reducing the duration of exposure to 5 min. These results suggest that endothelial cells become more tolerant of high electrolyte concentrations with reducing temperature, and this could be an important factor in the survival of the endothelium in corneal cryopreservation. The results also help to define the limits of osmotic shrinkage and swelling tolerated by endothelial cells. This will be of value in overcoming the detrimental osmotic effects associated with the addition and, in particular, the removal of cryoprotectants.